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(54) Apparatus for scanning colored registration marks 



(57) The present specification describes an appara- 
tus for scanning colored registration marks printed on a 
moving web by a plurality of printing cylinders 28,40 of 
a printing press 10, the apparatus being provided with 
a photoemitter 160 for generating a beam of light direct- 
ed at the moving web 60, a detector 182 for detecting 
the amount of light reflected from the moving web 60 
and generating a reflectance signal having a magnitude 
relating to the amount of light, an A/D converter 1 03, 1 33 
for periodically sampling the reflectance signal to gen- 
erate a number of scan values, a memory for storing the 



scan values, and a baseline generator for determining 
a baseline level of the reflectance signal. The baseline 
generator may include means for assigning each of the 
scan values to one of a plurality of predetermined rang- 
es of values based on the magnitude of the scan values, 
means for determining a baseline range from the plural- 
ity of the predetermined ranges based on the range hav- 
ing the largest number of the scan values, and means 
for determining the baseline level based upon the base- 
line range. The predetermined ranges may be overlap- 
ping ranges. 
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Description 

The present invention relates to apparatus for scan- 
ning colored registration marks printed on a web. 

More particularly the present invention is directed 
to an apparatus for scanning colored registration marks 
printed on a web by a multi-color printing press having 
a separate printing station for printing each of a plurality 
of colors. 

Color printing presses are typically provided with at 
least four print stations through which a web, such as 
paper, sequentially passes. Each printing station in- 
cludes a rotating printing cylinder that prints an image 
in a single color on the paper. The images printed by the 
printing cylinders must be properly aligned or registered 
so that each single-color image precisely overlays the 
other single-color images to form the desired multi-color 
image. To maintain proper alignment of the images, 
each printing cylinder must be maintained in a proper 
angular orientation with respect to the other printing cyl- 
inders. 

Conventional printing presses include dynamic reg- 
istration systems which maintain the proper registration 
of the printing cylinders during printing by detecting the 
relative position of a plurality of registration marks print- 
ed on the moving web in different colors, each registra- 
tion mark being printed by one the printing cylinders. 
Any error in registration of the printing cylinders is de- 
termined by detecting a variation in the relative position 
of the registration marks on the web. 

A prior art scanner has been used to detect different 
colored registration marks printed by the printing cylin- 
ders of a printing press. The prior art scanner directed 
a beam of light at the moving web on which the regis- 
tration marks were printed and detected light reflected 
from the moving web. The scanner generated an analog 
reflectance signal having a magnitude based on the 
amount of reflected light. Since different colors reflect 
different amounts of light, the presence of a registration 
mark printed in a color different than the color of the pa- 
per web is detectable by detecting a change in magni- 
tude of the reflectance signal. 

Summary of the Invention 

The invention is directed to an apparatus for scan- 
ning colored registration marks printed on a moving 
web, such as those printed by a plurality of printing cyl- 
inders of a printing press. In one form of the invention, 
the apparatus includes a photoemitter for generating a 
beam of light directed at the moving web, a detector for 
detecting the amount of light reflected from the moving 
web and generating a reflectance signal having a mag- 
nitude relating to the amount of light, means for period- 
ically sampling the reflectance signal to generate a 
number of scan values, memory means for storing the 
scan values, and means for determining a baseline level 
of the reflectance signal. 



The means for determining a baseline level may in- 
clude means for assigning each of the scan values to 
one of a plurality of predetermined ranges of values 
based on the magnitudes of the scan values, means for 

s determining a baseline range from the plurality of the 
predetermined ranges based on the range having the 
largest number of the scan values, and means for de- 
termining the baseline level based upon the baseline 
range. The predetermined ranges may be overlapping 

io ranges. 

The apparatus may also include means for compar- 
ing the normalized reflectance signal with a threshold 
signal based upon the baseline level and generating at 
least one detect signal indicating detection of one of the 

15 registration marks printed on the moving web. 

In another form, the invention is directed to a scan- 
ning apparatus having a photoemitter for generating a 
beam of light directed at the moving web, a detector for 
detecting the amount of light reflected from the web and 

20 generating a reflectance signal having a magnitude re- 
lating to the amount of light, a signal conditioning circuit, 
such as a variable gain amplifier or level shift circuit, for 
changing a parameter of the reflectance signal, means 
for periodically sampling the reflectance signal to gen- 

25 erate a number of scan values, memory means for stor- 
ing the scan values, and control means for controllably 
adjusting the parameter of the reflectance signal based 
upon the scan values. 

The control means may include means for control- 

30 lably adjusting the signal conditioning circuit so that the 
reflectance signal is converted to a normalized reflect- 
ance signal having a predetermined signal range with a 
predetermined minimum value and a predetermined 
maximum value. The control means may also include 

35 means for controllably adjusting the parameter of the re- 
flectance signal based upon the scan value having the 
minimum value and the scan value having the maximum 
value. 

The sampling means may comprise means for pe- 
40 riodically sampling the reflectance signal for a duration 
corresponding to a length of the moving web which is at 
least as large as the printing cylinder circumference, and 
the sampling rate of the sampling means may be high 
enough to obtain reflectance data relating to one of the 
45 registration marks printed on the web. 

These and other features and advantages of the 
present invention will be apparent to those of ordinary 
skill in the art in view of the detailed description of the 
preferred embodiment, which is made with reference to 
50 the drawings, a brief description of which is provided be- 
low. 

The present invention will now be further described, 
by way of example, with reference to the accompanying 
drawings, in which:- 

55 

Fig. 1 illustrates a printing press having an appara- 
tus for scanning colored registration marks printed 
by the press; 
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Fig. 2 is a block diagram of the scanner shown sche- 
matically in Fig. 1 ; 

Fig. 3 is an illustration of a plurality of different color- 
ed registration marks printed on a web during oper- 
ation of the printing press; 
Fig. 4 is a flowchart of a scan routine performed by 
each printing station controller of the printing press; 
Figs. 5A and 5B illustrate portions of an indexed 
buffer using for storing scan values; 
Fig. 6 illustrates the rate at which a reflectance sig- 
nal is sampled; 

Fig. 7 illustrates the assignment of scan values to a 
plurality of different ranges of values; and 
Fig. 8 illustrates a reflectance signal in relation to a 
pair of thresholds. 

Detailed Description of a Preferred Embodiment 

Fig. 1 illustrates a printing press 10 having an ap- 
paratus for scanning colored registration marks printed 
during operation of the press 10. The relative positions 
of the printed registration marks are used to dynamically 
register the printing cylinders of the press 10 in a con- 
ventional manner. 

Referring to Fig. 1 , the printing press 10 includes a 
first printing station 1 2, a second printing station 1 4, and 
a cutting station 1 6. The first printing station 1 2 includes 
an upper pull roller 22, a pair of guide rollers 24, 26, a 
printing cylinder 28, and two rollers 30, 32. The second 
printing station 14 also includes an upper pull roller 34, 
a pair of guide rollers 36, 38, a printing cylinder 40, and 
two rollers 42, 44. The cutting station 16 includes a die 
cut cylinder 46, a die anvil cylinder 48, a guide roller 50, 
and three rollers 52, 54, 56. The particular structure of 
the printing press 10 described above is not considered 
important to the invention, and the press 10 may have 
other configurations. 

A portion of a web 60, such as a paper web, is 
shown to pass successively from the first printing station 
12, to the second printing station 14, and to the cutting 
station 16 in the direction indicated by the arrows. Dur- 
ing normal printing operation, as the web 60 passes 
through the first printing station 1 2, images in a first color 
are printed on the web 60 by the printing cylinder 28. As 
the web 60 passes through the second printing station 
14, images in a second color are printed on the web 60 
by the printing cylinder 40 in alignment or registration 
with the images previously printed by the cylinder 28. 
As the web 60 passes through the cutting station 16, a 
cut or pattern of cuts is made in the web 60 by the die 
cut cylinder 46, the cut or pattern of cuts being in precise 
alignment with the multi-color image previously printed 
on the web 60. 

It should be understood that while only two printing 
stations are shown, a multi-color printing press typically 
has at least four printing stations, each of which prints 
images on the web 60 in a different color. 

Depending on the type of printing press 10, each 



printing cylinder 28, 40 may have a printing plate (not 
shown) mounted thereon. Each printing plate has an ar- 
ea in which printing elements are formed so that a de- 
sired image is printed on the web 60. Where the printing 

5 press 1 0 is a flexo-graphic press, the printing elements 
constitute raised areas (e.g. raised 1/16 of an inch with 
respect to the outer surface of the plate 62) which are 
inked once per revolution of the cylinder 28, with the im- 
age printed on the web 60 corresponding to the pattern 

10 of raised areas on the printing plate. Where the printing 
press 10 is a conventional web-offset press, the printing 
elements constitute ink-attracting areas on the surface 
of the printing plate which form the desired image. 
Where the printing press 10 is a gravure press, no 

ts printing plate is used, but instead the printing elements 
constitute very small recesses referred to as "gravure 
cells" formed in a metal coating applied to the printing 
cylinder 28. The gravure cells are filled with a particular 
color of ink upon each revolution of the cylinder 28, and 

20 the ink contained in the gravure cells is transferred to 
the web 60 as the web 60 makes contact with the print- 
ing cylinder 28. 

Each printing plate or printing cylinder has an area 
which is used to print a colored registration mark on the 

25 web 60. The area may consist of a relatively small 
number of the type of printing elements, as described 
above, which are provided on the printing plate or print- 
ing cylinder. 

The printing cylinder 28 of the first printing station 
30 1 2 is rotatably driven by a ma in drive shaft 80 operatively 
coupled to the printing cylinder 28 through a secondary 
drive shaft 82 and a phase control unit 84 for controlling 
the angular relationship or phase between the main 
drive shaft 80 and the secondary drive shaft 82. Simi- 
35 larly, the printing cylinder 40 of the second printing sta- 
tion 1 4 is rotatably driven, at the same rotational rate as 
the printing cylinder 28, via a secondary drive shaft 86 
coupled to the main drive shaft 80 via a phase control 
unit 88. 

40 The die anvil cylinder 48 is rotatably driven at the 
same rotational rate as the printing cylinders 28, 40 via 
a secondary drive shaft 90 connected to a phase control 
unit 92. The die anvil cylinder 48 and the die cut cylinder 
46 are interconnected by a gearing system (not shown) 

45 which causes the die cut cylinder 46 to be driven at the 
same rate as the die anvil cylinder 48. 

The angular position of the printing cylinder 28 of 
the first printing station 1 2 may be controllably adjusted 
relative to the angular position of the die cut cylinder 46 

50 via a printing station controller 1 00 operatively connect- 
ed to the first printing station 12. The station controller 
100 includes a microcontroller (MC) 102, an analog-to- 
digital ( A/D) converter 1 03, a counter 1 04, a motor driver 
circuit 106, and a network interface circuit 108, all of 

55 which are interconnected via an internal address/data 
link 110. The microcontroller 102 incorporates conven- 
tional hardware elements (not shown) including a mem- 
ory for storing a computer program and a microproces- 
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sor for executing the program. 

The motor driver circuit 106 is coupled to the phase 
control unit 84 via a multi-signal line 112 on which a 
number of motor drive signals are generated. The motor 
drive signals drive a motor (not shown) in the phase con- 
trol unit 84 that varies the angular position or phase of 
the secondary drive shaft 82 relative to the main drive 
shaft 80. 

The microcontroller 102 and the A/D converter 103 
are connected to a scanner 114 via a bi-directional data 
link 116 which includes a number of signal lines. The 
scanner 114 scans the printed web 60 to detect the 
colored registration mark printed by the printing cylinder 
28 and the colored registration marks that were previ- 
ously printed by other printing cylinders in the press 10. 
The scanner 114, which is described in detail below, 
generates an analog reflectance signal based on the 
amount of reflected light it detects and continuously 
transmits the reflectance signal to the A/D converter 

103, which periodically samples the value of the reflect- 
ance signal to generate a plurality of scan values. 

The counter 1 04 has a count input which is connect- 
ed to a shaft encoder (SE) sensor 1 20 operatively cou- 
pled to the main drive shaft 80 via a line 1 22. When the 
main drive shaft 80 is in motion, the shaft encoder sen- 
sor 120 generates a large number of pulses on the line 
122 corresponding to the rotation of the drive shaft 80. 
The number of pulses, which are counted by the counter 

104, correspond to a predetermined increment of web 
movement. For example, the shaft encoder 120 may be 
designed to generate 1 ,000 pulses per inch of move- 
ment of the web 60. 

The microcontroller 102 and the reset input of the 
counter 1 04 are both connected to receive via a line 1 24 
a reset signal generated by a sensor 126 that detects 
the passage of a raised metal reference mark on the die 
cut cylinder 46. Since there is only one reference mark 
on the die cut cylinder 46, one reset signal is generated 
for each revolution of the die cut cylinder 46. 

The angular position of the printing cylinder 40 of 
the second printing station 14 may be controllably ad- 
justed relative to the angular position of the die cut cyl- 
inder 46 via a printing station controller 1 30 operatively 
connected to the second printing station 14. The station 
controller 130 includes a microcontroller 132, an A/D 
converter 1 33, a counter 1 34, a motor driver circuit 1 36, 
and a network interface circuit 1 38, all of which are in- 
terconnected via an internal address/data link 140. The 
microcontroller 132 incorporates conventional hard- 
ware elements (not shown) including a memory for stor- 
ing a computer program and a microprocessor for exe- 
cuting the program. 

The motor driver circuit 1 36 is coupled to the phase 
control unit 88 via a multi-signal line 142 on which a 
number of motor drive signals are generated. The motor 
drive signals drive a motor (not shown) in the phase con- 
trol unit 88 that varies the angular position of the sec- 
ondary drive shaft 86 relative to the main drive shaft 80. 



The A/D converter 1 33 is connected to receive an 
analog signal from a scanner 144 via a data link 146. 
Like the scanner 1 1 4, the scanner 1 44 scans the printed 
web 60 to detect the colored registration mark printed 

5 by the printing cylinder 40 and, optionally, the colored 
registration marks that were previously printed by other 
printing cylinders in the press 10. The scanner 144 gen- 
erates an analog reflectance signal and continuously 
transmits the reflectance signal to the A/D converter 

10 1 33, which periodically samples the value of the reflect- 
ance signal to generate a plurality of scan values. 

The count input of the counter 1 34 is connected to 
count the pulses generated by the shaft encoder sensor 
120, as described above, and the microcontroller 132 

15 and the reset input of the counter 1 34 are both connect- 
ed to receive the reset signal generated by the sensor 
126. 

The station controller 100 is connected to a main 
controller 150 via a data link 152 connected to the net- 

20 work interface 108, a communication link 154 connected 
to the data link 152, and a data link 156 connected be- 
tween the communication link 154 and the main control- 
ler 150. The station controller 130 is connected to the 
main controller 150 via a data link 158, the communica- 

25 tion link 154, and the data link 156. The communication 
protocol between the main controller 1 50 and the station 
controllers 100, 130 may be a conventional one, such 
as an Ethernet-based communication protocol. 

The main controller 150 may comprise a conven- 

30 tional personal computer having a microprocessor, a 
random access memory, a read-only memory, an input/ 
output circuit, all of which are interconnected by an ad- 
dress/data bus in a conventional manner. The main con- 
troller 1 50 may also include a display device for display- 

35 jng information to the press operator and an input de- 
vice, such as a keyboard or mouse, for receiving com- 
mands from the operator, the display and input devices 
being connected to the input/output circuit of the main 
controller 150 via separate data lines. 

40 Fig. 2 illustrates a block diagram of the scanner 1 1 4 
schematically shown in Fig. 1 . Referring to Fig. 2, the 
scanner 114 (which is identical to the scanner 144) has 
a photoemitter in the form of a lamp 160 that emits light 
into a branch 162 of a Y-shaped fiber optical cable. The 

45 branch 1 62 transmits the light into a main branch 1 64 of 
the cable, where the light passes through a conventional 
filter 166 and a converging lens 168, which focuses the 
light at a point along a scanning path on the portion of 
the moving web 60 supported by the roller 22. Prefera- 

50 bly, the focal point of the lens 1 68 coincides with the sur- 
face of the moving web 60. 

Referring to Fig. 3, the scanning path is represented 
by an arrow 170 that passes through a plurality of color- 
ed registration marks 172a, 174a, 176a, 172b, 174b, 

55 176b printed on the web 60 and an area 178 in which 
other printed matter such as text may be located. 

Referring to Fig. 2, light that is reflected from the 
surface of the moving web 60 passes through the lens 
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1 68, the filter 1 66, a second branch 1 80 of the fiber optic 
cable, and is detected by a detector 1 82, such as a pho- 
todiode. The detector 182 generates a reflectance sig- 
nal having a current magnitude that is representative of 
the amount of reflected light it detects. The reflectance 
signal is transmitted to a plurality of signal-conditioning 
circuits including a current-to-voltage (l/V) converter 
1 84, an amplifier 1 86, a level shift circuit 1 88, and a var- 
iable gain amplifier 1 90. The level shift circuit 1 88 is con- 
nected to a D/A converter 1 89, and the variable gain am- 
plifier 1 90 is connected to a D/A converter 191. As de- 
scribed below, the level shift circuit 1 88 and the variable 
gain amplifier 1 90, which are controlled by a pair of mul- 
ti-bit digital signal input lines 116a, 116b connected to 
the D/A converters 189, 191, respectively, convert the 
reflectance signal into a normalized reflectance signal 
having a predetermined range with a predetermined 
minimum value and a predetermined maximum value. 

The normalized reflectance signal is continuously 
transmitted from a conventional driver circuit 1 92 to the 
A/D converter 103 via a line 116c. The normalized re- 
flectance signal is also transmitted via a line 1 94 to a 
comparator circuit composed of a pair of comparators 
1 96, 1 98. Each of the comparators 1 96, 1 98 is connect- 
ed to receive a programmable threshold signal that is 
output from one of a pair of digital-to-analog (D/A) con- 
verters 200, 202. Each of the D/A converters 200, 202 
converts a multi-bit digital signal received from the mi- 
crocontroller 200 via one of a pair of multi-bit digital sig- 
nal lines 1 1 6d, 1 1 6e into an analog signal having a cor- 
responding value. 

The threshold signals generated by the D/A con- 
verters 200, 202 are centered about a baseline value 
which corresponds to the reflectivity of the web 60 which 
has substantially no printed matter thereon . I n particu lar, 
the threshold signal output by the D/A converter 200 is 
set a predetermined amount above the baseline value 
and the threshold signal output by the D/A converter 202 
is set a predetermined amount belowthe baseline value. 
Consequently, the comparator 196 detects the pres- 
ence of a registration mark printed in a color that is sub- 
stantially lighter, or more reflective, than the background 
color of the web 60, and the comparator 1 98 detects the 
presence of a registration mark printed in a color that is 
substantially darker, or less reflective, than the back- 
ground color of the web 60. 

The operation of each of the scanners 114, 144 is 
controlled by a scanning routine 250 implemented in a 
computer program executed by each of the station con- 
trollers 100, 130. Although the scanning routine 250 is 
described below in connection with the scanner 114, it 
should be understood that an identical scanning routine 
is performed to control the operation of the scanner 1 44. 

A flowchart of the scanning routine 250 is illustrated 
in Fig. 4. The scanning routine 250 may be performed 
in response to a scan request sent by the main controller 
1 50 or it may be automatically performed periodically by 
each controller 100, 130 during operation of the printing 



press 10. 

Referring to Fig. 4, at step 252, if the web 60 is not 
moving, the program branches to step 254 to generate 
an appropriate error message since the scanning rou- 
5 tine 250 is designed to be performed only when the web 
60 is moving. Whether or not the web 60 is moving can 
be determined, for example, by checking to determine 
whether the count output generated by the counter 104 
is changing. 

10 At step 256, a gain command is sent to the variable 
gain amplifier 190 in the scanner 114 via the line 116b 
to set the gain of the amplifier 190 to a predetermined 
initial value. At step 256, an offset command is sent to 
the level shift circuit 188 in the scanner 114 via the line 
116a to set the offset level of the circuit 188 to an initial 
value, which may be a minimum offset level, for exam- 
ple. 

At step 258, the output of the A/D converter 103 in 
the scanner 114 is sampled at a relatively high rate to 
generate a plurality of binary scan values, each of which 
has a binary value corresponding to the magnitude of 
the analog value of the reflectance signal when the A/D 
converter 103 was read. 

The output of the A/D converter 103 may be read 
each time the shaft encoder sensor 120 generates a 
new pulse, and the scan values may be stored in a por- 
tion of the memory of the microcontroller 102 organized 
as an indexed buffer, each scan value being stored in 
an indexed location in the buffer, with the index being 
equal to the count of the counter 104. A portion of such 
an indexed buffer is illustrated in Fig. 5A. Referring to 
Fig. 5A, the left-hand column indicates the numeric val- 
ue of the index, and the right-hand column stores the 
numeric scan value. 

In the event that the operational speed of the A/D 
converter 103 is not fast enough to sample the reflect- 
ance signal each time the shaft encoder 120 generates 
a pulse, the current scan value could be repeated in the 
indexed buffer until the next scan value was determined 
by the A/D converter 103, as illustrated in Fig. 5B. 

The size of the indexed buffer could be made large 
enough to store scan values corresponding to the entire 
repeat length of the moving web 60. Referring to Fig. 3, 
the repeat length of the web 60, which is the same as 
the circumference of the printing cylinders used in the 
printing press 10, corresponds to the distance between 
a pair of dotted lines 257, 259. 

The sampling rate of the reflectance signal by the 
A/D converter 103 should be set high enough so that 
the registration marks printed on the web 60 are detect- 
ed. Referring to Fig. 6, the magnitude (in volts) of a por- 
tion of an exemplary reflectance signal is shown to have 
a baseline level, a first peak 261 corresponding to a first 
registration mark and a second peak 263 corresponding 
to a second registration mark of a different color. In this 
case, a sample of the reflectance signal should be taken 
at each point in time indicated by a small B x, B or more 
frequently. If the samples are taken less frequently, it 
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should be noted that the change in voltage correspond- 
ing to the registration mark may be completely missed 
by the A/D converter 103. 

Referring back to Fig. 4, after the reflectance signal 
is sampled and the scan values are stored in the buffer, 
the program branches to step 260. Steps 260-270 are 
performed to determine an automatic adjustment of the 
gain of the variable gain amplifier 1 90 and the offset lev- 
el of the level shifting circuit 1 88. These adjustments are 
made based upon the scan values corresponding to the 
entire repeat length of the web 60, or based upon the 
scan values corresponding to a predetermined length of 
the web 60, defined by a start location and a stop loca- 
tion (which may be specified by a pair of start and stop 
counts generated by the counters 104, 134), in which 
one of the registration marks is printed. 

An example of such a predetermined web length is 
shown in Fig. 3 as the time period or window defined by 
a start location which coincides with a dotted line 265 
and a stop location which coincides with the dotted line 
259. It should be noted that "position" of the window is 
in a predetermined relationship relative to one or more 
of the registration marks 1 72b, 1 74b, 1 76b, such as cen- 
tered about the registration marks. Alternatively, a sep- 
arate window could be provided for each registration 
mark. 

Referring to Fig. 4, at step 260, if the adjustments 
to the gain and offset level are to be made based upon 
the scan values corresponding to the entire repeat 
length of the web 60, the program branches to step 262, 
where the entire contents of the indexed buffer de- 
scribed above are searched to locate the scan value 
having the maximum value and the scan value having 
the minimum value. 

If the adjustments to the gain and offset level are to 
be made based upon the scan values corresponding to 
a particular web length or window less than the entire 
repeat length as determined at step 260, the program 
branches to step 264 where the contents of the indexed 
buffer which correspond to that predetermined web 
length or window are searched to locate the scan value 
having the maximum value and the scan value having 
the minimum value. 

At step 266, the minimum and maximum scan val- 
ues retrieved at one of steps 262, 264 are compared 
with each other. If the minimum scan value is the same 
as the maximum scan value, an error message is gen- 
erated at step 268, and the scanning routine 250 ends. 

At step 270, a new gain value and a new offset value 
are determined to convert the reflectance signal into a 
normalized reflectance signal having a predetermined 
signal range with a predetermined minimum value and 
a predetermined maximum value. The new gain value 
is determined so that the reflectance signal occupies a 
predetermined target span, such as the span between 
one volt and nine volts. When the normalized reflect- 
ance signal occupies that span, the minimum value of 
the reflectance signal is one volt and the maximum value 



of the reflectance signal is nine volts. The new gain val- 
ue is determined based on the following equation: 

5 Target Span = Gain x (Max - Min) x Factor, 

where Target Span is the numeric value of the difference 
between the upper limit of the span and the lower limit 
of the span, where Gain is a gain value from which the 
10 new gain value is determined, where Max is the binary 
value of the scan value in the indexed buffer having the 
greatest magnitude, where Min is binary value of the 
scan value in the indexed buffer having the smallest 
magnitude, and where Factor is a conversion factor that 
1$ converts the difference between the binary values Min 
and Max to an analog value. For example, for an eight- 
bit A/D converter (which has 256 possible binary out- 
puts) having an analog input range between zero and 
ten volts, the conversion factor would be 1 0/256, or .039 
volts per binary output. 

For example, assume for the above eight-bit A/D 
converter that Max has a binary value of 77 and Min has 
a binary value of 26. Using the conversion factor of .039 
volts/binary output, the analog value of Max would be 
3.00 volts and the analog value of Min would be 1.01 
volts. 

The above equation can be rearranged as the fol- 
lowing equation to solve for the value of Gain: 

Gain = Target Span/[(Max - Min) x Factor] 

For the values of Min, Max and the target span of eight 
volts noted above, the gain would be 8/[51 x .039], or 
4.0. At step 270, the new gain value is determined by 
multiplying Gain by the current gain value (transmitted 
to the amplifier 190 at step 256). 

A new offset level is then determined at step 270 by 
determining the amount by which the reflectance signal 
needs to be vertically shifted so that, after it is amplified 
in accordance with the new gain value, it occupies the 
desired target range. The necessary offset may be de- 
termined in accordance with the following equation: 

Offset = Low Limit/Gain - (Min x Factor), 

where Offset is the offset, Low Limit is the numeric value 
of the lower limit of the desired target range, and Min, 
Factor and Gain are defined above. 

After the new gain value and offset command are 
determined as described above, the new gain value is 
transmitted in digital form to the variable gain amplifier 
190 via the line 116b connected to the D/A converter 
191, and an offset command that would produce the cal- 
culated offset is transmitted in digital form to the level 
shift circuit 188 via the line 116a connected to the D/A 
converter 189. 
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At step 272, the normalized reflectance signal gen- 
erated with the new gain and offset commands is sam- 
pled by the A/D converter 103 in the same manner as 
described above in connection with step 258, with the 
previous scan values stored in the indexed buffer being 
overwritten by the new scan values. 

At step 274, a baseline value which corresponds to 
the reflectivity of a portion of the moving web 60 which 
has substantially no printed matter thereon is deter- 
mined. To determine the baseline value, the scan values 
in the indexed buffer that were generated from the por- 
tion of the web 60 within the window (between the lines 
259 and 265 in Fig. 3) are assigned to one of a prede- 
termined number of overlapping numeric ranges. As 
shown in Fig. 7, each range may encompass ten counts 
of the A/D converter 103. It should be understood that 
Fig. 7 illustrates only some of the ranges, and that the 
ranges would encompass all possible outputs of the A/ 
D converter 103. 

After all the scan values have been assigned to one 
of the ranges, the range with the largest number of scan 
values assigned thereto is selected as the baseline 
range, and a baseline signal is determined based on the 
numeric endpoints of that range. For example, the base- 
line range shown in Fig. 7 would be the range 95-104 
since it has the greatest number (1 2) of scan values be- 
tween the lower endpoint 95 of the range and the upper 
endpoint 104 of the range. The baseline value is deter- 
mined by determining the average range value of the 
baseline range, which in this case is (95 + 1 04)/2, or 1 00 
(which corresponds to an analog voltage of 3.9 volts 
based on the .039 conversion factor described above). 

The reason why the baseline value determined at 
step 274 may correspond to the reflectivity of a portion 
of the moving web 60 which has substantially no printed 
matter thereon is described in connection with Fig. 3. 
Referring to Fig. 3, assume that most of the width, along 
the scanning path 1 70, of the window between the lines 
259 and 265 is composed of a white background, and 
that the registration marks 172b, 174b, 176b have a rel- 
atively small combined width. In that case, when the win- 
dow is scanned across the scanning path 170, most of 
the scan values (e.g. 70%) will correspond to the white 
background, and a minority of scan values (e.g. 30%) 
will correspond to the registration marks. Consequently, 
when the scan values are assigned to the scan value 
ranges shown in Fig. 7, the range having the largest 
number of scan values will correspond to the reflectivity 
of the white background. 

Referring to Fig. 4, at step 276, a pair of threshold 
values are then determined based on the baseline val- 
ue. A relatively high threshold value is set a predeter- 
mined amount above the baseline value, such as 0.75 
volts above the baseline value, and a relatively low 
threshold value is set a predetermined amount below 
the baseline value, such as 0.75 volts below the base- 
line value. The high and low threshold values are then 
transmitted to the D/ A converters 200, 202 in binary form 



via the lines 116d, 116e, respectively. 

Fig. 8 illustrates a reflectance signal 280 having a 
positive peak 282 and a negative peak 284. The reflect- 
ance signal 280 would be generated by scanning a web 
5 60 having an intermediate-colored background (such as 
grey) on which a lighter-colored registration mark (such 
as white) and a darker-colored registration mark (such 
as black) were printed. Since the magnitude of the re- 
flectance signal is proportional to the amount of light re- 
10 fleeted (and since lighter colors reflect more light than 
darker colors), the positive peak 282 would be generat- 
ed in response to scanning the lighter-colored registra- 
tion mark, and the negative peak 284 would be gener- 
ated in response to scanning the darker-colored regis- 
15 tration mark. The middle portions of the reflectance sig- 
nal 280 would be generated in response to scanning the 
intermediate-colored background of the web 60. 

The high threshold generated by the D/A converter 
200 is illustrated by a dotted line 286, and the low thresh- 
old generated by the D/A converter 202 is illustrated by 
a dotted line 288. Referring to Figs. 2 and 8, when the 
magnitude of the reflectance signal 280 is between the 
thresholds 286, 288, the output of both comparators 
196, 198 is a low voltage, or logic n 0, B since the magni- 
tude of the reflectance signal provided to the positive 
input of the comparator 1 96 is not greater than the high 
threshold 286 provided to the negative input of the com- 
parator 1 96, and since the magnitude of the reflectance 
signal provided to the negative input of the comparator 
1 98 is not less than the low threshold 288 provided to 
the positive input of the comparator 198. 

When the leading edge of the positive peak 282 of 
the reflectance signal surpasses the high threshold 286, 
the output of the comparator 196 will change from logic 
"0" to logic "1." That transition, which is transmitted to 
an OR gate 290 and a conventional driver circuit 292 
and then to an edge detector (not shown) in the micro- 
controller 102 via a line 11 6f, indicates to the microcon- 
troller 102 that a registration mark has been detected. 
The time at which the registration mark is detected is 
used to dynamically maintain the registration of the 
printing cylinders in a conventional manner which is not 
germane to this invention. 

When the leading edge of the negative peak 284 of 
the reflectance signal drops below the low threshold 
288, the output of the comparator 198 will change from 
logic "0" to logic "1 That transition is transmitted to the 
microcontroller 102 through the OR gate 290 and the 
driver circuit 292 via line 116f and indicates to the mi- 
crocontroller 1 02 that a registration mark has been de- 
tected. 

A pair of feedback resistors 294, 296 could option- 
ally be connected to the comparators 196, 198 to pro- 
vide conventional hysteresis so that when the output of 
one of the comparators 196, 198 transitions from logic 
"O" to logic "1," the condition being tested by the com- 
parator is easier to satisfy. 

In view of the foregoing description, it should be un- 
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derstood that the comparator 196 detects the occur- 
rence of registration marks that are in a lighter color than 
the web 60, while the comparator 198 detects the oc- 
currence of registration marks that are in a darker color 
than the web 60. The OR gate 290 is used so that the 5 
detection of both lighter colored and darker colored reg- 
istration marks is communicated to the microcontroller 
102. 

Although the scanning apparatus described above 
is implemented with a station controller for each printing 10 
station and a main controller connected to each of the 
station controllers, the scanning apparatus could be im- 
plemented with a single controller. 

Modifications and alternative embodiments of the 
invention will be apparent to those skilled in the art in is 
view of the foregoing description. This description is to 
be construed as illustrative only, and is for the purpose 
of teaching those skilled in the art the best mode of car- 
rying out the invention. The details of the structure and 
method may be varied substantially without departing 20 
from the spirit of the invention, and the exclusive use of 
all modifications which come within the scope of the ap- 
pended claims is reserved. 

25 

Claims 

1. An apparatus for scanning colored registration 
marks printed on a moving web by a plurality of 
printing cylinders of a printing press, said printing 30 
cylinders having a printing cylinder circumference, 
said apparatus comprising: 

a photoemitter for generating a beam of light 
directed at a moving web having a plurality of 35 
registration marks printed thereon; 
a detector for detecting an amount of light re- 
flected from said moying web and generating a 
reflectance signal having a magnitude relating 
to said amount of light, said reflectance signal 40 
having a signal level; 

a variable gain amplifier operatively coupled to 
said detecting means for amplifying said re- 
flectance signal, said amplifier having a varia- 
ble gain; 45 
a level shift circuit for shifting the signal level of 
said reflectance signal; 

control means coupled to said variable gain 
amplifier and said level shift circuit for control- 
lably adjusting said variable gain and said var- so 
iable offset amount to transform said reflect- 
ance signal into a normalized reference signal 
having a predetermined signal range defined 
by a predetermined minimum value and a pre- 
determined maximum value; 55 
means for determining a baseline level of said 
normalized reflectance signal, said baseline 
level corresponding to the reflectivity of a por- 



tion of said moving web having substantially no 
printed matter thereon; 

means for comparing said normalized reflect- 
ance signal with a first threshold and a second 
threshold to generate at least one detect signal 
indicating detection of one of said registration 
marks printed on said moving web, each of said 
first and second thresholds having a magnitude 
based upon said baseline level, 
said control means comprising: 

means for periodically sampling said re- 
flectance signal at a sampling rate to gen- 
erate a number of scan values correspond- 
ing to a length of said moving web, said 
length being at least as large as said print- 
ing cylinder circumference and said sam- 
pling rate being high enough to detect said 
reference marks, each of said scan values 
having a magnitude corresponding to the 
magnitude of said reflectance signal when 
said reflectance signal was sampled by 
said sampling means, one of said scan val- 
ues having a maximum value and one of 
said scan values having a minimum value; 
memory means for storing said scan val- 
ues; and 

means for adjusting said signal level and 
said variable gain and based upon said one 
scan value having a maximum value and 
said one scan value having a minimum val- 
ue. 

An apparatus as defined in claim 1 wherein said de- 
tector comprises a photodiode. 

An apparatus as defined in claim 1 wherein said 
means for determining a baseline level of said nor- 
malized reflectance signal comprises: 

means for assigning each of said scan values 
to one of a plurality of predetermined ranges; 
means for determining a baseline range from 
said plurality of said predetermined ranges, 
said baseline range having the largest number 
of said scan values; and 
means for determining said baseline level 
based upon said baseline range determined by 
said determining means. 

An apparatus as defined in claim 1 wherein said 
comparing means comprises: 

a first comparator that compares said normal- 
ized reflectance signal with said first threshold; 
and 

a second comparator that compares said nor- 
malized reflectance signal with said second 
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threshold. 

5. An apparatus as defined in claim 1 wherein said 
sampling means comprises an analog-to-digital 
converter. 

6. An apparatus for scanning colored registration 
marks printed on a moving web, said apparatus 
comprising: 

a photoemitter for generating a beam of light 
directed at a moving web having a plurality of 
registration marks printed thereon; 
a detector for detecting an amount of light re- 
flected from said moving web and generating a 
reflectance signal having a magnitude relating 
to said amount of light; 

means for periodically sampling said reflect- 
ance signal to generate a number of scan val- 
ues; 

memory means for storing said scan values; 
and 

means for determining a baseline level of said 
reflectance signal, said baseline level corre- 
sponding to the reflectivity of a portion of said 
moving web having substantially no printed 
matter thereon. 

7. An apparatus as defined in claim 6 wherein each of 
said scan values has a magnitude corresponding to 
the magnitude of said reflectance signal when said 
reflectance signal was sampled by said sampling 
means, and wherein said means for determining a 
baseline level comprises: 

means for assigning each of said scan values 
to one of a plurality of predetermined ranges of 
values based on said magnitudes of said scan 
values; 

means for determining a baseline range from 
said plurality of said predetermined ranges, 
said baseline range having the largest number 
of said scan values; and 
means for determining said baseline level 
based upon said baseline range determined by 
said determining means. 

8. An apparatus as defined in claim 7 wherein said as- 
signing means comprises means for assigning each 
of said scan values to one of a plurality of overlap- 
ping ranges. 

9. An apparatus as defined in claim 7 wherein said as- 
signing means comprises means for assigning each 
of said scan values to one of a plurality of overlap- 
ping ranges of values including a first range of val- 
ues bounded by an upper value and a lower value 
and a second range of values bounded by an upper 



value and a lower value, said lower value of said 
second range of values being less than said upper 
value of said first range of values. 

5 10. An apparatus as defined in claim 7 additionally com- 
prising means for comparing said normalized re- 
flectance signal with a threshold signal based upon 
said baseline level and generating at least one de- 
tect signal indicating detection of one of said regis- 

10 tration marks printed on said moving web. 

1 1 . An apparatus as defined in claim 7 additionally com- 
prising means for comparing said normalized re- 
flectance signal with a first threshold signal and a 

is second threshold signal and generating at least one 
detect signal indicating detection of one of said reg- 
istration marks printed on said moving web, said 
first and second threshold signals being based on 
said baseline level. 

20 

12. An apparatus for scanning colored registration 
marks printed on a moving web, said apparatus 
comprising: 

25 a photoemitter for generating a beam of light 

directed at a moving web having a plurality of 
registration marks printed thereon; 
a detector for detecting an amount of light re- 
flected from said moving web and generating a 

30 reflectance signal having a magnitude relating 

to said amount of light; 

means for periodically sampling said reflect- 
ance signal to generate a number of scan val- 
ues; 

35 memory means for storing said scan values; 

and 

means for determining a baseline level of said 
reflectance signal. 

40 13. An apparatus as defined in claim 12 wherein each 
of said scan values has a magnitude corresponding 
to the magnitude of said reflectance signal when 
said reflectance signal was sampled by said sam- 
pling means, and wherein said means for determin- 
es ing a baseline level comprises: 

means for assigning each of said scan values 
to one of a plurality of predetermined ranges of 
values based on said magnitudes of said scan 
so values; 

means for determining a baseline range from 
said plurality of said predetermined ranges, 
said baseline range having the largest number 
of said scan values; and 
55 means for determining said baseline level 

based upon said baseline range determined by 
said determining means. 
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14. An apparatus as defined in claim 13 wherein said 
assigning means comprises means for assigning 
each of said scan values to one of a plurality of over- 
lapping ranges. 

15. An apparatus as defined in claim 13 wherein said 
assigning means comprises means for assigning 
each of said scan values to one of a plurality of over- 
lapping ranges of values including a first range of 
values bounded by an upper value and a tower val- 
ue and a second range of values bounded by an 
upper value and a lower value, said lower value of 
said second range of values being less than said 
upper value of said first range of values. 

16. An apparatus as defined in claim 12 additionally 
comprising means for comparing said normalized 
reflectance signal with a threshold signal based up- 
on said baseline level and generating at least one 
detect signal indicating detection of one of said reg- 
istration marks printed on said moving web. 

17. An apparatus as defined in claim 12 additionally 
comprising means for comparing said normalized 
reflectance signal with a first threshold signal and a 
second threshold signal and generating at least one 
detect signal indicating detection of one of said reg- 
istration marks printed on said moving web, said 
first and second threshold signals being based on 
said baseline level. 

18. An apparatus for scanning colored registration 
marks printed on a moving web, said apparatus 
comprising: 

a photoemitter for generating a beam of light 
directed at a moving web having a plurality of 
registration marks printed thereon; 
a detector for detecting an amount of light re- 
flected from said moving web and generating a 
reflectance signal having a magnitude relating 
to said amount of light; 

a signal conditioning circuit coupled to said de- 
tector for changing a parameter of said reflect- 
ance signal; 

means for periodically sampling said reflect- 
ance signal to generate a number of scan val- 
ues, each of said scan values having a magni- 
tude corresponding to the magnitude of said re- 
flectance signal when said reflectance signal 
was sampled by said sampling means; 
memory means for storing said scan values; 
and 

control means coupled to signal conditioning 
circuit for controllably adjusting said parameter 
of said reflectance signal based upon said scan 
values. 



19. An apparatus as defined in claim 18 wherein said 
control means comprises means for controllably ad- 
justing said signal conditioning circuit so that said 
reflectance signal is converted to a normalized re- 

s fiectance signal having a predetermined signal 
range. 

20. An apparatus as defined in claim 18 wherein said 
control means comprises means for controllably ad- 

10 justing said signal conditioning circuit so that said 
reflectance signal is converted to a normalized re- 
flectance signal having a predetermined signal 
range having a predetermined minimum value and 
a predetermined maximum value. 

15 

21 . An apparatus as defined in claim 1 8 wherein one of 
said scan values has a minimum value and one of 
said scan values has a maximum value and wherein 
said control means comprises means for controlla- 

20 bly adjusting said parameter of said reflectance sig- 
nal based upon said one scan value having a min- 
imum value and said one scan value having a max- 
imum scan value. 

25 22. An apparatus as defined in claim 18 wherein said 
printing cylinders have a printing cylinder circumfer- 
ence and wherein said sampling means comprises 
means for periodically sampling said reflectance 
signal for a duration corresponding to a length of 

30 said moving web, said length being at least as large 
as said printing cylinder circumference. 

23. An apparatus as defined in claim 22 wherein said 
sampling means comprises means for periodically 

35 sampling said reflectance signal at a sampling rate 
high enough to obtain reflectance data relating to 
one of said registration marks. 

24. An apparatus as defined in claim 18 wherein said 
40 sampling means comprises means for periodically 

sampling said reflectance signal for a duration cor- 
responding to a predetermined web length. 

25. An apparatus as defined in claim 18 wherein said 
45 sampling means comprises means for periodically 

sampling said reflectance signal for a duration cor- 
responding to a predetermined web length defined 
by a start location and a stop location. 

so 26. An apparatus as defined in claim 18 additionally 
comprising means for comparing said normalized 
reflectance signal with a threshold to generate at 
least one detect signal indicating detection of one 
of said registration marks printed on said moving 
55 web. 

27. An apparatus as defined in claim 18 wherein said 
signal conditioning circuit comprises a variable gain 
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amplifier operatively coupled to said detector for 
amplifying said reflectance signal. 

28. An apparatus as defined in claim 18 wherein said 
signal conditioning circuit comprises a level shift cir- 
cuit for shifting the signal level of said reflectance 
signal by a variable offset amount. 
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